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[Comment ; In recent USSR work on the subject of reaction
kinetics » Particularly as applied to the oxidation and other con-

fuels and aromatics, at least as far as aviation fuel is concerned
\S. K. Makarov, p. 1. Orochko, L. A. Potolovskiy, D. kh. Teregulov,
"The Petrochemical Ty vad in the Petroleum Conversion Industry," 1
Heftyanaya Pronwshlennost', Vol 33, Mo 2, Moscow, February 1955,

pages 27-71). If chenges in the demand for automobile gasoline are
disregarded, this shift from light fuels to fuels of medium boiling
range makes an increased amount of light petroleum constituents {
available for conversion to petrochemical vroducts and also reduces ,
the losses due to cracking. fThe supply of light hydrocarbons avail -
able in the USSR for conversion to petrochemicalg by direct oxi-
dation, and by other processes, is augmented by the development and 1
exploitation of natural gas fields. With the view of converting ;
gaseous hydrocarbons to useful chemical products, homogenous ;
catalytic reactions are being investigated and applied,
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debydrogenated liquid products to motor fuels and other petroleum
Droducts by catalytic bydrogeaation > 18 regarded as uneconomical by
USSR petroleum chemists, Aceording to S. R, Sergienke, thermo-
catalytic conversion of Petroleun residues » Which leads to extensive
destrueticn and is &ccompanied by Lhe formation of coke, gas, and
ligquid products rich in aromatics ang unsaturated hydrocarbons , can-
not be regarded ag a basic method for the conversion of distillation
residues to motor fuels, but only as an intermediate step in which
the crude material ig Prepared for further chemical conversion

Promyshlennost!, vol 33, Fo 2, Moscow, February 1955, pages 71-8).
+ K. Makarov et al, are also of the opinion that unless large
quantities of butadiene, ethyl alcohol, fatty acids, detergents,
and other chemienlg are produced by petroleum combines in addition
to fuels ang lubricating oils » the cost of motor fuels and oils
will become too high if the degree of conversion of crude
Petroleun ig increased further, in conformity with the tenden -
that has been Prevalent hitherto (S, K. Mekarov, p. 1. Orochko,
L. A. Potolovskiy, D, kn. Teregulov, "The Petrochemical Trend

in the Petroleunm Conversion Industry, "Neftxe.ngfa Prﬂshlemxost' ’
Vol 33, No 2, Moscow, February 1955, pages T=T1).

Although there is a pronounced emphasis on supplying products
needed by the consummer goods industry, and on using procesces of
the partial oxidation of hydrocarbons for the production of '
chemicals required for that purpose, the potential applications of
the resulvs gof ¥ork in the general field of hydrocarbon oxidation

in solving Problems which have a bearing on the combustion of fuels ’
the detonation of explosive mixtures, and the Production of sope

interest from this standpoint. The fact that there are frequent
references to the use of pure oxygen rathey than air in industrial
oxidations is worthy of attentionm.

Although the work on inhibitors of the decomposition of hydro-
carbons (see last section of this report) has no dire- ¢ bearing on
oxidation processes » 1t 18 of importance from the standpoint of the
improving yields of unsaturated hydrocarbons obtained by oxidative \1

of the investigators in the conversion of hydrocarbons found in
natural gas. The fact that they have concentrated to some extent
on investigating the stability and other broperties of butadiene
may be of importance in this connection,

Numbers in parentheses refer to appended sources :[
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Work on Oxidation of Hydrocarbons :

Work on the oxidation of hydrocarbons is being conducted on an ex-
tensive scale in the USSR. An All-Union conference on problems of the
oxidation of hydrocarbons was helq in Moscow 14-18 May 1951 s by the
Petroleun Institute, Academy of Sciences USSR. More then 30 reports
dealing with various aspects of the oxidation of hydroecarbons were pre-
sented at the conference. The most important phases of work in this
field, such as research on the mechanism of reactions of the oxidation
of hydrocarbons and the results of industrial work based on the appli-
cation of such reactions » were discussed. Furthermore, the results of
work on the oxidation of hydrocarbons done in the USSR during the pre-
ceding 10 years were summarized. The most important problems of the
theory and practical application of oxidation reactions were discussed
in papers presented by N. N. Semenov, N. I. Chernozhukov, A. N.
Bashkirov, K, I. Ivanov, I. ». Losev, Z. K. Mayzus and N. M. Emanuel ',
M. B. Neyman, V. Ya. Shtern, A. Yu. Rabinovich, V. K. Tsyskovskiy, and
others. fThe principel papers presented at the conference were pub~
lished in 195% in a book entitled Problems of the Oxidation of Hydro-
carbons. (1)
—22n8

During recent years, the following significent results were
achieved in Ussy research on the oxidation of hydroecarbons ;

1. N. N. Semenov's theory of the chain mechanism of reactions was
found to explain, in a satisfactory manner , the reactions of hydro-

.} carbon oxidation, Experimental investigations ylelded extensive data
which confirm that the most important p ~cesses of hydrocarbon oxidation
broceed by a chain mechanism. The work .n question made 1t possible to

- approach closer to a complete understanding of the processes of oxi-
dation and combustion of hydrocarbon fuels in engines. (2 ,3).

dation of saturated hydrocarbons by the oxygen of the air. Clarification
of the dependence of the rate and directicn of these reactions on temper-
ature, the catalysts which are present, and other variables , made it
possible to direct effectively the course of the process occuring in
oxidations of this type. (2,4)

3. N. I. Chernozhukov and 5. E. Kreyn, in their investigations on
the oxidation of different types of hydrocarbons and hydrocarbon

coupled oxidation reactions. The work in question is of great signifi-
cance for the solution of practical problems connected with the pro-
duction, storage, and use of motor fuels and lubricating oil; {2 ,5)

Conversion of Hydrocarbons to Peroxides

Research by K. I. Ivanov on the oxidation of hydrocarbons not only
Yielded new data which coenfirm that the oxidetion of hydrocarbons pro-
ceeds by the peroxide mechanism, but also made it possible to develop
original methods for the production, isolation, and storage of organic
peroxides. (2,6,7) In Ivanov's work the peroxides were prepared by
bubbling oxygen through liquid hydrocarboms in special equipment and
subjecting the reaction mixture » consisting of oxygen and the hydro-
carbon, to the action of wltraviolet light. New relationships per-
taining to the mechanism of the oxidation of hydroecarbons to hydro-
peroxides were discovered by Ivanov and members of his group. In
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addition to functioning as intermediate products in hydrocarbon oxi~
dation, organic peroxides serve as initiators of the polymerization of
unsaturated compounds in the production of synthetic rubber, as
additives which lower the flash point of fuels in englnes, as reagents,
and as intexmediate products in organic synthesis.(6,T)

Z. K. Mayzue and N. M. Emanuel' have carried out an investigation
on the oxidaticn of hydrocarbons in the presence of hydrogen bromide.
The aim of the work done by them was both a study of homogenous catal-
Ysis from the theoretieal standpoint and an investigation of the kinetic
relationships involved, with a view to applying reactions of this type
on an industrial scale. In the course of this work it was demonstrated
that hydroperoxides are formed as intermediate products which th~n de-
compose under the action of the hydrogen bromide, forming the final
oxygenated product (e.g. mcetone in the oxidation of propene).(8,16)

Industrial Synthesis Based on Oxidation of Hydrocarbons

The work of S. §. Nametkin, A. N. Bashkirov, K. I. Ivanov. S. S.
Medvedev, G. g, Petrov, I. P. Losev, V. K. Tsyskovskiy, P. A. Moshkin, D.S.
Velikovskiy, N. I. Chernozhukov, and other Soviet scientists has con-
tributed to the introduction of a number of technological Pprocesses,
based on the oxidation of hydrocarbons, into the petroleum and chemi-
cal industries.(2)

I. P. Losev end R. N. Smirnov have conducted investigations on
the oxidation of petroleum hydrocarbons with nitric acid. Under the
conditions studied by them, hydroxycarboxylic acids formed the
principal product of the oxidation. (9)

According to V. X. Tsyskovskly, elther unsubstituted carboxylic
acids or hydroxyacids are formed predominantly when kerosene, solar
oil, or petrolatum is oxidized with air. The chemical composition of
the products depends on the composition and concentration of the
catalyst, the rate of oxidation, the temperature, the material from
which the reaction equipment has been constructed, and other factors.
By selecting the right conditions, products of the desired chemical
composition can be cbtained. While pareffin wax is a crude material
which is best suited for the production of unsubstituted, straight-
chain carboxylic acids, the prevailing impression that only acids
vhich are similar to those found in animal and vegetable fats can be
produced by the oxidation of petroleum hydrocarbons is erroneous.

The hydroxyacids (uctually & mixture of hydroxyacids, ester acids,
and esters of the estolide, lactide, and lactone * .es, referred to as
"ester acids") proved to be a useful film-forming material for ex-
ternal protective coatings. They are at present being produced in-
dustriaelly in the USSR for this purpose. Oxidized petrolatum is used
in the manufacture of special lubricants that comply with AT GOST
3823-47 [Autotractor State Standard 3823-47], of cooling liquids, and
of other products. Carboxylic acids obtained by the oxidation of
kerosene fractions have been found useful in the production of lubri-
cating greases, rubber, solid and liquid detergents. plastics, paper,
and other products. These acids are also effective flotation re-
agents and furthermore can be used to lower the surface hardness of
metals. In 1947, a new type of solidol [hydrocarbon and carboxylic
acids mixture for the production of lubricating grease] was introduced.
This solidol (cf. GOST 4366-48) is manufactured by oxidizing paraffin
wax. It proved to be in no way inferior to solidols containing natural

fatty acids.
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;’:ik ;n Producing e simplest carboxylic acids (those which are soluble in
fulr?lgl)m ether) by tpe oxldation of kerosene has also proved to be success.

. Cold-Flame Oxidation of Hydrocarbons and Its Industrial Applications

On the basis of y, N. Semenov's theory of chain reactions and A, N. Bakh's
feroxide theory of hydrocarbon oxidation, which is pow more generally accepted

out at g high Pressure, Pressure favors the reaction, because oxidation of
the hydrocarbons C:,_--C:5 fbut not > hexane) proceeds in the gas phase. At
atmospheric Pressure, saiistactory yields of formaldehyde and methyl alcohol

nitrogen Oxides. myhe effect of homogeneous catalysts (of hydrogen bromide,
based on wory done by F. p. Rust and w. Vaughan in the US, and or chlorine,
in research conducted by N, I. Zemlya.nskiy, 0. A. Prib, and M. va. Sharyvkina)

The cold-flapme oxidation of lover hydrocarbons has been investigated by
2 number of Soviet scientists, fhe brocess in question consists in the oxj-

oxygen-containing compounds, Particularly of aldehydes, takes Place. M, B,
Neyman and hig coworkers established that in the cold-flame oxidation of
methane the

be asg high as 50%. Cold-flame oxidation of bropane yields ap amount of
oxidation Products equal to 50% of the theoretical yield. fThese products
contain T70% aldehydes. From the oxidation of pPropane ac 360° , & certain
quantity of methyl alcohol, ethyl alcohol , formic acig s wul acetic acid

was isolated., The cold-flame oxidation of light gasoline fractions,
butenes, cracking gases » by-products of the manufacture = SK (synthetic
rubber], ete. Yielded reaction products which contained up to 25% aldehydes.
However, the isolation of these aldehydes from the reaction mixture was

80 complex that the isolation ang identification of individual compounds
cannot be carried out. \1

Investigation of the mechanism of cold-flame oxidation of hydrocarbons
and a study of the kinetics of this process led to the conclusion that
the cold-flame oxidation of hydrocarbons 1g an autocatalytic Process which
1s accelerateg by the oxygen-conta.ning substances that form during its course.
This fact is Conlirucd by the existence of an induction periog of oxidation,
a periodwhich is followed by a rapid oxidative reacticn of the chain type.
For example, the oxidation of Pentane can be represented Schematically as
follows:

(a) CSHJ.Z + G - CSHIIOOH ~> CSIﬁlOO;

(b) CsH 00 o CH, —» C5H, OOH + CsHy, s
(c) Csmy ¢ % = GH0-0-  , e,

- 5 -
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The hydrcperoxides that form as intermediate products are elther
s8tabilizeq s 50 that they may ve isolated fropm the final Products, or decom-
bPose with the formation of alcohols, aldehydes, and aclds, as shown ip the
following scheme ;

(a) CHy  00H 4 CsHyp, —> 2 CgH, ; OH;
(v) C5Hj3008 —> CuHgCOH +  Ho0;
(c) CyHgCOH  + C5H)100H ~> CH,COOH + CsHy; OB

A recently published Paper by L. A. Repa and V. la. Shtern (Dok1a
Akademi 1 Naux SSSR, vol 91, 1953, page 308) deals with the cold-flame oxi-
dation of Propane. 1In tpe course of an investigation of the kinetics of
this oxidation > Repa and Shtern isolater & number of intermediate products,
i.e. foz‘m&ldehyde, acetaldehyde, Peroxides, and various acids. They are of
the opinion that both the cold~flame oxidation apd the high—temperature oxi-~
dation of bropene are bageq on the same chemical process. In view of the
Tact that cold-flame oxidation cannot be controlled with facility, this pro-
cess has pot Yet been applieq in industrial organic synthesis » 88 far as {ig
known. (11)

The study of the so-called colg flames is of great importance in
understanding the mechanism of the oxidation of hydrocarbons during the .
Period Preceding their combustion. The temperature of the cold fiame pro-
duced by ethers, aldehydes, ang hydrocarbons is considerably lower than the
temperature of hot flames ang usually exceeds that of the surrounding mediugy
by only 50.200°,

In cold flames » considerable amounts of substances ere formed which are
merely unstable intermediate products, from the standpoint of the peroxide
theory and also of the hydroxyl theory., 4As a result of investigations op the

the latter were R. S, Yakovlev, B. A, Ayvazov, angd M. B. Neyma.n), the
¢onnection between the capacity of fuels to form a cold flame and their
tendency to detonate {n ap internal combustion engine was noted.

This comection is easy to understand in the light of investigationg
which have established the dependence of the detonation wave of combustion

on oxidgtion reactions and the formation of beroxides. Apparently, the
reactions which take place prior to the formation of cold flames at jow
temperatures ang Pressures are similar to those taking place at high
temperatures and pressures Prior to the detonation in the engine. It R
follows, from work done by M, B. Neyman and his collaborators, that cold-flame ‘1
oxidation of hydrocarbons witp oxgen or air may be used in industrial organic
synthesis for the large-scale production of aldebydes, acids, alcohols » and
other compounds. The products of oxidation of the complex mixture of hydro-
carbons of "motor fuel SK" in a colq flame were investigated by A. p. Petrov, ]
Ye. B. Sokolova, ang M. S. Fedotov. They identifieq and quantitatively :
determined various oXygen-containing compounds (acidg > aldehydes, esters ’
alcohols, acetals, ang ketones) foung in the aqueous layer. It was estab-
lished that. among the products of the oxidation of aldehydes and of alcohols
(formaldelwde, acetaldehyde, methyl alcohol, and ethy] alcohol, which
apparently are derived from the decomposition of the primary Products of
oxidation), peroxides of the gaseous hydrocarbons Predominate, These hydro-
carbons must be regarded as products of the cracking of higher hydrocarbons
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the sgiuigr 83 methods for the fndustrial synthesis of alcchols are concerned,
hydrocast, on of problems which have a bearing on the direct oxidation of
foremost ;ns into alcohols and other oxygen-containing compounds is of the
hydratio Tportance, although other methods for the synthesis of alcohols
aleohals ? of unsaturated hydrocarbons, synthesis of ethyl alcohol and other
ot Trom carbon monoxide and hydrogen, and oxo-synthesis) must also
. of th:inezlected. Oxidation methods are very promising from the standpoint
of hya T application in contemporary organic synthesis based on the conversion
ith rocarbons, because these methods make it possible to obtain directly,
out time-consuming intermediate steps, the principal products which are
desired. However, difficulties arise in connection with the industrial
epplication of methods of the direct oxidation of hydrocarbons because of the
complexity of developing a process which proceeds in the right direction and
because of the difficult nature of the separation of multicomponent mixtures
of products. In connection with this, a number of theoretical problems per-
talning to the kinetics and mechanism of oxidation processes must be solved.

The results of theoretical investigations on the oxidation of hydro-
carbons carried out by N. N. Semenov, S. S. Nametkin, A. N. Bashirov,
N. M. Emanuel!, k. 1. Ivanov, and others may be expected to contribute to
the solution of the theoretical problems involved. When these problems have
been solved, processes for the production of aliphatic alcohols will un-
doubtedly occupy an important place among nevwly developed methods of petro-
chemical synthesis. (12)

Kiqetics of Oxidation

In connection with the Planning of a conference on chemical, kinetics and
reactivity, which the Department of Chemical Sciences, Academy of Sciences
USSR, had scheduled for 1954, N. N. Semenov was charged with the task of
compiling a general review of the subject. He did this in the form of a
book published in 1954, Members of the Institute of Chemical Physics aided
him in compiling the information contained in the book. (14! The date given
in the book indicate, among other things, thet all chain reactions which are
possible from the standpoint of the s“ructural theory, rather than any one
reaction at a time, proceed simuitaneously in any one system, and that these
reactions compete with each other. Depending on their relative velocities,
one of the chain reactions will Predominate under a given set of conurtions.
However, there are transitional regions within which the velocities of
different chain reactions are so close to each other that a great number of
diverse reaction products will be Tormed.

A chain reaction proceeding over free radicals may also compete with an
ordinary (nonchain) monomolecular or bimolecular reaction leading directly
to molecular products. However, the activation energy of the second type of W
reaction is so much greater in comparison with the energy required to mctivate
the first that chain reactions take pPlace preferentially.

As far as the mechanism of the oxidation of hydrocarbons is concerned, . ‘
the conclusion can be made that at low temperatures hydroperoxides are formsd
to a predominant extent. When the temperature reaches approximately 250°,
there is primary formation of aldehydes and aleohols, while at still higher ]
temperatures, cracking products are predominantly formed. in addition to
aldehydes. The conclusions arrived at on the basis of the theoretical treat-
ment of the chain mechanism of oxidation reactions occuring in tnis type of
conversion are in satisfactory agreement with experimental results.

-7 - '
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There is an acute need for further developing the theory of chemical
processes in order to solve practical problems on which a rapid growth of
the chemical industry depends. The aim of theory is to achieve the most
efficlent control of the rate of chemical conversions and of the direction in
which these conversions proceed. Up to the present, the procedures used in
chemical technology have been based to a considerable extent on purely
empirical data and on the 8kill of the chemists. In this respect, chemistry
compares unfavorably with other branches of science, such as electroniecs,
electrical engineering, the building of aircraft ; and atomic energy work, in
vwhich a relatively greater amount of theoretical foreknowledge and advance
designing is possible.

The majority of modern Processes of chemical technology are based on the |
application of homogeneous or heterogeneous catalysts. The stage reached by
theoretical knowledge does not make it possible, as yet, to design the
catalysts needed in technology effectively; they are selected empirically.

Many processes of organic chenical technology are inadequate » require an
excessive number of stages, and are based on the conversion of crude material
vhich is too expensive. Although it 1s known that reactions can be simplified
and cheaper starting material used, this is not being done, because the
modified processes cannot be easily controlled. For example ; the produetion
of alcohols, aldehydes > and acids by the oxidation of natural gas or petro-
leun gas is not carried out on an extensive scale as yet for the sole reason
that this process cannot be controlled with facility.

The development of such brocesses would be of immense importance to the
chemical industry. They can be developed if a sufficient knowledge of the
mechanism of chemical reactions is acquired on the basis of difficult ex-
Perimental investigations dealing with the behavior of elementary particles
{radicals, ete.].(15)

Oxidative Cracking

The interrelationships between the processes of cracking, oxidative
cracking, and oxidation can best be interpreted in the following manner:

If it is assumed that the reactions involved are of a chain type and
proceed over free radicals > the following genersl scheme which covers all
three processes can be postuwlated.:

The radical R, which is formed from the initial molecule, may, in the
presence of oxygen, (a) be subjected to scission with the formation of short
chains (ordinary cracxing); (b) be transformed into the peroxide radical ROO-,
which subsequently undergoes one of the following two transformations: <
(1) decomposition with the formaticn of aldehydes and ketones or conversien
into a peroxide (oxidation); (ii) stabilization, by rearranging, into an ole-
fin with the formation of H02 (oxidative cracking).

In the last process,AH 2~20. The type of the conversion is determined
by a competition between the processes a, bi, and bii, above. The relative
velocities of these processes depend on the structure of the radicals and
products of their decompositirn. If the interrelationships on which this
dependence is based will be completely eslablished, i. e. if it will be
possible to tell beforehand which reactions are the most likely for any given
radical, it will become possible to predict at which period the radical will
begin dts transformation into an olefl:. (and subsequently aromatization),
hov much oxygen will be needed, and at what temperature the conversion must
be carried ocut. On the basis of similar data, [F. C.] Rice was able to pre-
dict the composition of products of ordinary cracking.
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It will also be Fossible to predict the principal ways along which the e
oxidation of light or heavy paraffins will proceed. .

One must note that this approach will make it possible to explain and
Predict changes in the ratio of individual products when the temperature has
been changed in cracking or oxidation and changes in the composition of the
mixture of oxidation products. It is highly probable that further analysis
of chemical data from the standpoint of the concepts that have been developed
will contribute to making these concepts useful tools for the advancement of'
organic chemistry.

With the same purpose i1 mind, i. e. of establishing the interrelation-
ships between the velocities of elementary reactions of the redical type and }
the structure of the particles which react, the method that has been outlined
must be expanded to cover unsaturated and aromatic hydrocarbons as well as
molecules containing various substituents.(17)

As far as the practical application of the principles outlined above is
concerned, K. K. Dubrovay has developed an original method for the con-
version of crude petroleum materials, i. e. the method of vapor-phase oxi-
dative cracking, based on the introduction of a mixture of the vapor of the
crude material and air into the reaction zone.(2)

Very extensive work, both on a laboratory scale and a plant scale » has
been carried out in the USSR on oxidative cracking. It has been demostrated
convineingly in this work that Petroleun distillates in a mixture with air

Oxidative cracking is usually carried out by adding a smal? quantity of
air or oxygen to liquid hydrocarbons or hydrocarbons in the vapor state which
have been heated to a temperature at which oxygen reacts with them. Air is

level so the reaction can proceed without external heating. The temperature
of the cracking is regulated by changing the rate at which air or oxygen is
supplied into the reaction zone.

In pyrolysis gases the volume ratio of peraffins to alkenes is always
greater than unity and increases with rising temperatures. In gases de-
rived from oxidative cracking, the content of alkenes, by volume, is always
higher than that of paraffins or at least equal to it. This makes the
zases from oxidative cracking more valuable for purposes of chemical con-~
version, particularly if blown with oxygen or with an air mixture enriched
Wllh oxygen, so that th: extent of dilution with inert gases is reduced.
The high relative contert of alkenes in the gases of oxidative cracking
proves that the reactions of synthesis leading to the formation of aromatic
hydorcarbons are weakened at this point.

Dehydrogenation under the conditions of oxidative cracking is accompanied
by a considerable amount of demethylation. Consequently, tte principal pro-
duct obtained in the vanor-phase oxidative cracking of methylcyclohexane is
benzene, while the yield of toluene amounts to only 2.5-3.5%.

Experimental data on the oxidative cracking of n-octane in nitrogen-

oxyger. mixtures indicate that the effect of the oxygen content on the course
of the cracking process is relatively small. .

-9 -
C-0-N-F-I-D~E-N-T-1-A-L



o .

Sanitize py Approed for else 201 107/12 : CIA-RDP80-00809A000700240016-6

r

50X1-HUM

€ -0-N-F=-I~D-E-N-T-I-A-L

4 .. "'""
The nctivation energy of the reactions of oxidative cracking of ligroin o ."m
amounts to 10,400 calories per mol as compared with 48,500 calories per mol N
in the thermal cracking of the same product. At 700°, the rate of the thermal ;
cracking of ligroin 1s doubled when the temperature is reised 28°%, while the
rate of oxidative cracking is doubled when the temperature is raised 759,
The rates of the two types of cracking become eoual at 790°. At temperatures
lower than 790°, oxidative cracking proceeds at a higher rate than thermal
cracking. However, the higher reaction rate in the case of oxidative crack-
ing does not result in any asdvantages ar far as possibilitics of reducing the
dimensions of the equipment are concerned, because the volime of the pro-
ducts obtained by oxidative cracking with air-blowing exceeds that of the
volume of products obtained by ordinary (non-oxidutive) vapor-phase cracking.
A laboratory comparison of ordinary vepor-phase cracking with air-blowing, i\
oxidative cracking in the presence of oxygen diluted with carbon dioxide ‘
or with water vapor, and vapor-phase cracking in a stream of carbor dioxide
or water vapor showed that practically the same yields of gL3oline, gas, and
residue are obtained in all cases when the temperature and all other con-
ditions besides those imposed by the nature of the process are the same.
R. S. Yakovlev arrived at the conclusion that feeding air into the eracking
zone does not noticeably influence the yield of gasoline. However, the
quality of the gasolipe and of other products is considerably better when
oxidative cracking is used, so that this method is preferred to ordinary
cracking. (18)

Oxygen derived from water can be used to produce scission and dehydro-
genation of saturated hydrocarbons. L. I, Avramenko and R, V. Kolesnikova
investigated the mechanism of the oxidation of ethane with the use of atomic
oxygen derived from water vapor that had been subjected to an electrical
discharge. The method used by these investigetors enabled them to carry out
the oxidation without a flame. The products of %he reaction of ethane with
the gas consisting of 0, OH, and H that had been rroduced by applying an
electrical discharge to water vapor were found to be ethylene, formaldehyde,
ethyl alcohol, methane, carbon monoxide, and carbon dioxide. The experiments
in question Jed to tne conciusion that at temperatures below 100° the radiral
CH;=CH= has a zreater tendency to rearrange to form ethylene rather than to
combine with oxygen to form acetaldehyde.(19)

Inhibitors of the Decomposition of Hydrocarbons

To explain the action of substances which have an inhibiting effect on
the thermal cracking of hydrocarbons (nitric oxide s Propene and higher olefins ,
etc), some investigators (C. N. Hinshelwood et al) assumed that the reaction
broceeds by two mechanisms, a chain mechanism which is easily inhibited by
the substance added and a molecular mechanism which is not affected by this
substance. According to an investigation carried out by V. A. Poltorak and
V. V. Voyevodskiy, data obtalned by investigating the products of the crack-
ing of propane with the aid of the deuterium exchange method indicate that
a single mechanism is effective in both the inhibited and the uninhibited
reaction. If the reaction proceeded mainly by a radical-chain mechanism in
the first case and mainly by a rearrangement of bonds in the second, a
difference in the degree of deuterium exchange would have been observed, since
radicals exchange hydrogen for deuterium faster than molecules. No such
difference was found.(20)

The kinetics of the chain mechanism of the decomposition of paraffins in
the presence of inhibitors have been subjected to a mathematical treatment by
A. D. Stepukhovich.(2l) Stepukhovich and :rxmbers of his group at the Saratov
State University imeni N. G. Chernyshevskiy have also earried out an extensive
experimental study of the inhibiting effect exerted by olefins and acetylene
on the chain decomposition of saturated and unsaturated hydrocarbons. (22, 25)

- 10 -

C-0-N-F-I~D-E~N-T-I-A-L,



LI ! i

00240016-6

Sanitized Cop Approved for elease 2011/07/12 : CIA-RDP80-00809A0007

-

50X1-HUM

C-0-N-F-I-D-E-N-T-I-A-L

r-:«x
a1

intermediate Product in petroleum cracking processes. The date obtained indi-
cate that the decomposition of butadierne is inhibited by acetylene, one of
the decomposition products of butediene. On the other hand, butadiene does

not inhibit the thermal decomposition of raraffins (propane » butane, and
isobutane).

Butadiene can be produced industrially by the dehydrogenation of butane
and butene, (26)

SOURCES

1. Problemy Okisleniys Uglevodorodov (Problems of the Oxidation of
Hydrocarbons), S. R. Sergienko, ed, Academy of Sciences USSR, Moscow,
1954, 223 pp; "Foreword" by 8. R. Sergienko

2. 1Ibid., pp 4-10, "Development of Orgenic Synthesis Based on the
Oxidation of Petroleum Hydrocarbons" by S. R. Sergienko

3. 1Ibid., pp 13-39, "Development of the Chain Theory of the Oxidation
of Hydrocarbons” by N. N. Semenov

§ 4. Ibid., pp 10L-108, “Characteristics of the Oxidation of Paraffin
Hydrocarbons in the Liquid Paase" by A. N. Bashkirov end Ya. B.
Chertkov

5. Ibid., pp 176-17h » "Investigations Pertaining to the Oxidation of
High-Molecular Bydrocarbons and Petroleum Oils in the Liquid Phase"
by N. I, Chernozhukov

6. Ibid., pp 111-123, "The Nature of the Initial Action of Molecular
Oxygen on Hydrocarbons of Different Structure in the Liquid Phase"
by K. I. Ivanov ’

7. 1Ibid., pp 124-139, "Peroxides Which Form in the Autooxidation of
Some Alkanes and Cyclanes" by X. I. Ivanov, V. K. Savinova, and
V. P. Zhakhovskaya

8. 1Ibid., Pp 60-77, "Oxidation of Hydrocarbons in the Presence of i
Hydrogen Bromide" by Z. K. Mayzus and N. M. Emsnuel’ . “

9. Ibid., pp 152-166, "Oxidation of Vaseline 0il and Kerosene With
the Oxygen of the Air and Nitric Acid" by I. P. Losev and R. N. ; )
Smirnov ; ‘

10. Ibid., pp 177-183, "fhe Development of Industrial Methods for the
Oxidation of Petroleum Hydrocarbons in the Liquid Phasz" by
V. K. Tsyskovskiy

11. B. A. Krentsel', Osnovy Sintesa Alifaticheskikh Spirtov iz
Neftyanykh Uglevodorodov (The Basis of the Synthesis of Aliphatic
Alcohols From Petroleum Hydrozarbons), Academy of Sciences USSR,
Moscow, 195k, 183 pp, pp 121-1kg

<11 -

C-0-N-F-I-D~E-N-T-I-A-L




t

Sanitized Coy Approved for Release 2011/07/12 : CIA-RDP80-00809A000700240016-6

r

12.

13.

1k,

15.
16.

17.

18.

19.

20.

21,

22.

23.

2k,

25.

26.

. pp 1,413-17518

" No 10, pp 1,720-1,72k; vol 28, No 11, pp 1,878-1,8081

O T S R R T PR

50X1-HUM §

C-0-N~-F-I-D-E-N-T-I-A-L

B. A. Krentsel', op. clt., pp 172-173

A. D. Petrov, Khimiya Motornykh Topliv (The Chemistry of Motor
Fuels), Academy of Sciences USSR, Moscow, 1953, 51L pp; pp 34k-345

N. N. Semenov, 0 Nekotorykh Problemakh Khimicheskoy Kinetiki 1
Reaktsionnoy Sposcbnosti (Concerning Some Problems of Chemical
Kinetics and Reactivity), Academy of Sciences USSR, Moscow, 1954,
349 pp; pp 3-4

Ivid., pp 323-346

Problemy Mekhanizma Organicheskikh Reaktsiy, Trudy Kievskogo
Soveshchaniya 2-5 Iyunya 1952 {Problems of the Mechanism of Organic
Reactions, Transactions of the Kiev Conference of 2-5 June 1952), .
Ye. A. Shilov, ed, Academy of Sciences Ukrainian SS5R, Kiev, 195k, --
35% pp; pp 40-57, "The Mechanism of Catalysis With Hydrogen Bromide
of the Reactions of Hydrocarbon Oxidation" by Z. K. Mayzus and N. M.
Emsnuel’

Ibid., pp 58-77,
V. v. Voyevodskiy

"The Reactivity of Free Hydrocarbon Radicals" by

S. N. Obryadchikov, Tekhnologiya Nefti (Petroleum Technology),
Part II, 3d ed, Gostoptekhizdat, Moscow-Leningrad, 1952, 408 pp;
PP 170-17h4

L. I, Avremenko, R. V. Kolesnikova,
Oxygen With Ethane,"
Moscow, 1953, pp 1,037-1,046

"Primary Reactions of Atomic
auk SSSR, Vol 89, No 6,

V. A. Poltorak, V. V. Voyevodskiy, "The Single Chain Mechanism of
the Thermal Decomposition of Hydrocarbons," Doklady Akademit
Neuk SSSR, Vol 89, No 5, Moscow, 1953, pp 889-892 :

A. D. Stepukhovich, "The Kinetics of the Chain Decomposition of
Hydrocarbons in the Presence of Inhibitors," Doklady Akademii Nauk
S55R, Vol 89, No 5, Moscow, 1953, pp 889-892

A. D. Stepukhovich, A. G. Finkel', "The Kinetics and Mechanism of
the Decomposition of Ethane at Low Pressures in the Presence of
Propene," Zhurnal Fizicheskoy Khimii, Vol 26, No 10, Moscow, 1952,

A. D. Stepukhovich, A. G. Finkel', "The Kinetics and Mechanism of : \‘
the Decorposition of Ethane in the Presence of Propene,” Zhurnal
Fizicheskoy Khimii, Vol 26, No 10, Moscow, 1952, pp 1,419°1 KaK

A. D. Stepukhovich, E. S. Shver, "The Kinetics and Mechanism of the
Decomposition of Propane in the Presence of Isobutene and Propene
as Inhibitors," Zhurnal Fizicheskoy Khimii, Vol 27, No 7 , Moscow,
1953, pp 1,0103-1,033

A. D. Stepukhovich et al., "The Kinetics and M wnism of the
Decomposition of Hydrocarbons,” Zhurng] Fiziches 'y _Khimii, Vol 28,

No 7, Moscow, 1954, pp 1,174; Vol 28, No 8, pp 1,361.-1,370; Vol 28,

N. I. Smirnov, Sinteticheskiya Kauchuki (Synthetic Rubbers ),

Goskhimizdat, Leningrad, 1954, 456 pp; pp 207-246
-END - . J
- 12 - 1
C-0-N-F-I-D=E=N-T-I-A-L 4




Sanitized Copy Approved for Release 2011/07/12 : CIA-RDP80-00809A000700240016-6

50X1-HUM

0\0

<

Q°°0

Sanitized Copy Approved for Release 2011/07/12 : CIA-RDP80-00809A000700240016-6



